Abstract We evaluated the association between social support received from significant others, family, and friends and HIV-related sexual risk behaviors among African American men involved in the criminal justice system. Project DISRUPT is a cohort study among African American men released from prison in North Carolina (N = 189). During the baseline (in-prison) survey, we assessed the amount of support men perceived they had received from significant others, family, and friends. We measured associations between low support from each source (<median value) and participants' sex risk in the 6 months before incarceration. Low levels of social support from significant others, family, or friends were associated with poverty and homelessness, mental disorders, and substance use. Adjusting for age, poverty, and other sources of support, perceiving low support from significant others was strongly associated with multiple partnerships (fully adjusted odds ratio (OR) 2.64, 95% confidence interval (CI) 1.29-5.42). Low significant other support also was strongly associated with sex trade involvement when adjusting for age and poverty status (adjusted OR 3.51, 95% CI 1.25-9.85) but further adjustment for low family and friend support weakened the association (fully adjusted OR 2.81, 95% CI 0.92-8.55). Significant other support was not associated with other sex risk outcomes including concurrent partnerships, anal sex, or sex with an STI/HIVinfected partner. Low family support was associated with multiple partnerships in analyses adjusting for age and poverty (adjusted OR 1.98, 95% CI 1.05-3.76) but the association weakened and was no longer significant after adjusting for other sources of support (fully adjusted OR 1.40, 95% CI 0.65-3.00); family support was not correlated with other risk behaviors. Friend support was not significantly associated with sex risk outcomes. Indicators of overall support from any source were not associated with sex risk outcomes. Helping inmates maintain ties may improve economic security and well-being during community re-entry, while supporting and strengthening relationships with a significant other in particular may help reduce sex risk. Studies should evaluate the protective
Introduction
Individuals who pass through jails and prisons in the USA face disproportionate risk of HIV infection, both before incarceration and after release [1] [2] [3] [4] . During re-entry into the community after incarceration, individuals must reestablish independence, employment, housing, and relationships. The stress associated with re-entry may amplify risk of HIV through sexual risk-taking or drug use that existed prior to incarceration [2, 4, 5] . Improved understanding of factors that may protect individuals involved in the criminal justice system against engaging in HIV risk behaviors in their community remains an important public health priority [2, 6] The social support networks that inmates leave behind and to which they return may promote well-being and reduce sexual behaviors that drive HIV risk. According to the Stress-Buffering Effect of Social Ties and Health Model, social support protects health in the face of stressful life events by enabling positive coping and providing material/ economic support; these factors in turn promote positive health decision-making [7] . During a stressful event, perceived or received social support may mitigate the negative emotional response or physiologic and/or behavioral response to stress [7] . Given that individuals involved in the criminal justice system are believed to experience higher levels of stress both before incarceration and during reentry, perceived social support may act as a buffer from stress by enabling these individuals to cope, [7] [8] [9] [10] [11] [12] [13] which in turn may reduce determinants of risky sex including substance use and mental disorders [14] [15] [16] [17] [18] [19] .
Social support is protective against mental disorders and HIV-related drug use and sex risk among those involved in the criminal justice system [19] [20] [21] [22] . In one study, social support indicators, such as social consistency, integration, and extensiveness, were protective against hard drug use and sexual risk behavior among former male inmates during the 6 months after release [19] . Specifically, participants whose social relationships remained relatively stable after release were much less likely to report hard drug use (18%) versus those with inconsistent relationships (57%), and social consistency was associated with a nearly 50% reduction in number of sexual partnerships [19] .
While social support may offer protection against some sexual risk behaviors during community re-entry, different sources of support-from a significant other, a family member, or a friend-may offer differential protection against sex risk while in the community. Members of our group and others have observed that having a significant other is strongly associated with protection against sexual risk-taking behaviors such as multiple and concurrent partnerships before incarceration and after release; however, the effects of other sources of support on sexual risk-taking were not assessed [23] [24] [25] . Significant other support may offer particularly strong protection against sexual risktaking compared to other forms of support, and those who do not return home to a significant other after prison release may seek new and/or multiple partners to meet companionship or financial needs [19] . Other groups also have highlighted the potential importance of significant others in protecting against HIV-related outcomes, including drug use and unprotected sex [26, 27] . However, the characteristics of the relationship that may be most protective and driving the perception of support from significant others are unknown. Although marital and cohabiting relationships have been associated with reduced sexual risk behaviors, the impact of other relational characteristics on sexual risk-taking have not been explored [28, 29] .
Support from family members, including parents, aunts, and children, has also demonstrated importance [20, 21, [30] [31] [32] . For example, Muñoz-Laboy et al. highlighted the role of family in protecting against depression, a consistent HIV risk factor, among formerly incarcerated Latino men [14, 21, 33] . The literature on the relationship between friend support and HIV risk, however, is mixed. While there is evidence that support from friends may be protective, there is vast literature suggesting peer networks also may increase risk-taking, such as drug use [11, 34, 35] .
Few studies to our knowledge have directly compared the associations between different support types and HIV risk. Hence, there is a lack of understanding about which sources of social support may provide greatest protection against HIV sexual risk, including among those involved in the criminal justice system. Improved understanding of the sources of support in the community that are most strongly associated with protection against HIV risk for those involved in the criminal justice system could inform expansion of correctional facility-based pre-release and discharge programs and community based re-entry programs that aim to mitigate HIV risk by helping inmates bolster protective community ties. If family ties offer the greatest protection, family strengthening programs that currently focus on marital or cohabiting partnerships should be expanded to include other family members [36] .
The purpose of the current study was to assess associations between different sources of social support and HIVrelated sex risk before incarceration among African American men incarcerated in North Carolina. The study used data from Project DISRUPT (Disruption of Intimate Stable Relationships Unique to the Prison Term), a cohort study conducted to evaluate the degree to which support from a committed partner may buffer against the effects of stress, drug use, and HIV sex risk during re-entry [37] . Using baseline data collected during incarceration, we sought to describe the levels of pre-incarceration perceived support from three sources (significant others, family, and friends) and the relationship with socio-demographic background factors (e.g., age and poverty); describe the association between perceived support and mental disorder and substance use factors that may mediate the relationship between social support and sex risk; and compare associations between each source of support and HIV-related sexual risk behavior and sex with high-risk partners. Since there is limited understanding about which aspects of these relationships offer greatest perception of support, an additional study aim was to describe the characteristics of relationships that offer the greatest levels of perceived support. Because existing literature has suggested that social support protects against behavioral risk by improving mental health and socioeconomic status, we sought to also describe the association between perceived social support and indicators of well-being, including socio-demographics, mental disorder symptoms, and substance use. We hypothesized that low social support would be associated with poverty, mental disorders, and substance use, and that low support from a significant other would be a particularly strong correlate of sex risk.
Methods

Study Design
We recruited DISRUPT participants from the North Carolina Department of Public Safety (NCDPS) from September 2011 to January 2014 and surveyed participants in prison just before release [37] . Eligible individuals were African American men, at least 18 years of age, anticipating release within 2 months, had been incarcerated less than 3 years, HIV-negative when incarcerated, and had a female intimate partner at the time of prison entry (participants with more than one committed partner were eligible if able to identify one partner that was most important). The baseline survey utilized audio-computer-assisted selfinterview surveys with trained research assistants. This study was approved by the Institutional Review Boards of the University of North Carolina at Chapel Hill, University of Florida, New York University School of Medicine, and NCDPS.
Exposure Variable: Social Support
Social support in the 6 months before incarceration was assessed in the survey using the Multidimensional Scale of Perceived Social Support (MSPSS). MSPSS measures significant other, family, and friend support using three, four-item subscales which ask participants to the rate the degree to which they agree with statements of positive support (e.g., BThere is a special person who is around when I am in need,^BMy family really tries to help me,B I can count on my friends when things go wrong^) from strongly disagree (1) to strongly agree (5) [38] . Potential scores from each social support subscale (family, friend, significant other) ranged from 4 to 20, with increasing scores indicating higher levels of support. The indicator of overall social support, a summation of the scores of each of the three scales, ranged from 12 to 60. Because the relationship with the support score was not found to be linear in the log odds of multiple sex risk outcomes, this suggests inclusion of continuous support indicators would violate logistic regression model assumption. Hence, the individual and composite summed scales were dichotomized at the median, as has been done in prior studies validating the MSPSS [39, 40] . Participants scoring below the median were classified as having Blow^levels of support from that source. Two participants did not provide responses to all questions for the social support scales and were excluded from analyses.
Outcome Variables: Sexual Risk Behavior and Sex with High-Risk Partners
The following dichotomous sexual risk behaviors in the 6 months before incarceration were measured in the baseline interview: multiple partnerships, defined as having two or more sexual partnerships; concurrent sexual partnerships, defined as having sex with one partner during an overlapping time period the participant was having sex with someone else; sex trade involvement, defined as buying or selling sex to a woman for money, drugs, or housing; anal sex with a female partner; and sex with a partner who ever Bdefinitely^or Bprobably^had a STI or HIV.
Socio-demographics, Mental Disorder Symptoms, and Binge Drinking in the 6 Months Before Incarceration
The Stress-Buffering Effect of Social Ties and Health Model indicates that social support may protect health by providing material/economic support which in turn can protect mental health and in turn physical health. Hence, to describe the social and economic context of those with low levels versus high levels of social support, we examined the associations between social support and age; indicators of poverty in the 6 months before incarceration including concern that the inmate or his family did not have enough money to pay housing/utility bills, homelessness, and concern about having enough food; and mental health and binge drinking, which was commonly reported in the sample [37] . We measured depression using a modified five-item version of the Center for Epidemiological Studies Depression Scale (CES-D) [41] . The modified version, with scores ranging from 0 to 15, considered scores ≥4 to indicate depression, which was the calibrated equivalent to the original scale cutoff [42] . In a subsample of participants, anxiety was assessed using the Trait section of the State-Trait Anxiety Inventory, [43] with scores ≥40 indicative of clinical anxiety risk [44] . Stress was evaluated using a seven-question scale, where participants rated their stress level related to aspects of health, housing, and general living in the community on a scale of 1 to 10. Scores were summed (range 7-70) and dichotomized at the 75th percentile (scores ≥35), with higher scores indicating high stress.
We examined binge drinking, defined as drinking ≥5 standard drinks on a typical day, a highly common form of substance use that we observed to be strongly linked to HIV-related sex risk [37] . According to the model, these mental health and substance use indicators are hypothesized to mediate the relationship between social support and reduced sex risk. While the model also indicates that material support may protect economic well-being and hence the poverty indicators also may mediate the relationship between support and sex risk, given current poverty also is highly correlated with lifetime experience of poverty, poverty indicators also are potentially important confounding factors of the relationship between support and sex risk.
Relationship Characteristics
To examine which characteristics may characterize relationships with high significant other support, we measured the length of participant's relationship with their committed partner, whether they had raised a child together, whether they had a biological child together and the number of children they shared, whether they kept in touch during incarceration, and if they were married. Participants were also asked if, in the 6 months prior to incarceration, they had lived with their partner and had either given to or received help from their committed partner to pay for needs (food, housing, or clothing). Participants rated their degree of happiness in the relationship with their partner, which was then dichotomized to Bextremely unhappy,^Bfairly unhappy,^Ba little unhappy,^or Bhappy^versus Bvery happy,^Bextremely happy,^or Bperfect.Ĥ aving ever experiencing intimate partner violence from their committed partner, defined as being hit, slapped, kicked, dragged, pushed, shoved, choked, had something thrown, or had a weapon used or threatened against them, was dichotomized as Bever^versus Bnever.^Respondents reporting that his partner was Bdefinitely^or Bprobably^having sex with other people during the same time she was in a sexual relationship with him were considered to have a non-monogamous committed partner, compared to those responding Bmaybe,B
probably not,^Bdefinitely not,^or Bdon't know.Ŝ tatistical Analyses SAS 9.3 (SAS Institute Inc., Cary, NC) was used to conduct the analyses. To describe the social and economic context of those with low versus high levels of support, we conducted bivariate analyses to assess associations between overall social support and socio-demographics, mental health characteristics, and binge drinking. We evaluated bivariate and multivariate associations between a significant other, family, friend, and overall support and the sex risk outcomes. We adjusted for age and poverty as indicated by concern about paying bills, the highest prevalence poverty indicator that also was strongly linked to social support. We did not adjust for mental health and substance use factors. The conceptual model on which we base our analyses, the Stress-Buffering Effect of Social Ties and Health Model, suggests social support influences mental health and in turn substance use. These factors hence may serve as mediators of the relationship between social support and sexual risk behavior and should not be treated as confounding factors. To better understand characteristics of supportive significant other relationships, we measured the association between relationship characteristics with a committed partner and high perceived significant other support.
Results
Out of 1426 incarcerated men identified through prescreening as possible participants, 477 (33.5% of 1426) were eligible. Of those eligible, a total of 207 men (43.4% of 477) agreed to participate in the study [37] . However, the analytical sample was reduced to 189 participants due to data corruption and subsequent loss of baseline surveys. Participants and eligible nonparticipants did not differ on socio-demographic characteristics. Approximately, 90% of both participants and non-participants reported having one committed partner versus more than one (participants 90%, non-participants 86%; p = 0.21); participants with more than one committed partner were asked to identify the most important partner on whom to report over the course of the study. Overall, 49.2% of the analytic sample reported having Blow^social support; approximately 41.8% of participants were defined as having low significant other support, 39.7% had low family support, 43.9% had low friendship support, and 17.4% were considered to have low levels of all three support sources.
The median age in the sample was 32 years. In the 6 months before incarceration, approximately 30% were concerned about paying bills, 18% had been homeless, and over one-fifth reported concern about food security. Nearly 40% had symptoms indicative of major depressive disorder based on the modified CES-D and one-third reported symptoms indicative of anxiety. Surprisingly, most participants scored low on the perceived stress scale that assessed stress while in the community (mean score 27 on a scale from 7 to 70).
Associations between Low Social Support and Socio-demographics and Mental Health
Participants with the lowest levels of overall support had over four times the odds of being homeless (OR 4.15, 95% CI 1.76-9.77) and nearly twice the odds of being concerned about ability to pay bills (OR 1.90, 95% CI 1.00-3.59) in the 6 months before incarceration compared to those with high levels of support (Table 1) . Low support also was strongly associated with depressive symptoms (OR 3.15, 95% CI 1.70-5.81), elevated stress levels (OR 2.01, 95% CI 1.03-3.90), and anxiety (OR 2.37, 95% CI 1.18-4.74). Low overall support was associated with increased odds of binge drinking on a typical day in the 6 months before incarceration (OR 2.23, 95% CI 1.05-4.73).
Social Support and Sexual Risk
Many participants reported sexual risk-taking in the 6 months prior to incarceration, with 41.8% reporting multiple partnerships and 32.8% with concurrent partnerships (Table 2 ). Approximately 11% reported sex trade involvement. In addition, 19% of the men reported anal sex with a woman.
Low family support was not associated with concurrent partnerships, sex trade, sex with an STI/HIV-infected partner, or anal sex. In unadjusted models, low family support was associated with increased odds of multiple partnerships (OR 1.91, 95% CI 1.04-3.52). However, when adjusting for socio-demographics, significant other, and friend support, this relationship was no longer significant (fully adjusted OR 1.40, 95% CI 0.65-3.00). Attenuation was likely due to the strong correlations between family and significant other support.
Unadjusted and adjusted analyses suggested that low friendship support in the 6 months before incarceration was not associated with any of the sexual risk indicators.
Low significant other support was strongly associated with increased odds of multiple partnerships when controlling for socio-demographics (adjusted OR 3.01, 95% CI 1.53-5.92). When controlling for the effects of family and friend support in the fully adjusted model, the relationship between significant other support and multiple partnerships was slightly attenuated, yet remained significant (fully adjusted OR 2.64, 95% CI 1.29-5.42). Those with low levels of significant other support had over three times the odds of sex trade involvement than those with high levels of support in both unadjusted and models adjusted for sociodemographics (adjusted OR 3.51, 95% CI 1.25-9.85). However, the relationship lost significance after additional adjustment for other forms of social support (fully adjusted OR 2.81, 95% CI 0.92-8.55).
Characteristics of Supportive Significant Other Relationships
Specific relationship characteristics were associated with high perceived significant other support (Table 3) . Being married (OR 2.92, 95% CI 1.25-6.83), raising a child together (OR 1.92, 95% CI 1.02-3.62), being together 3 years or more (OR 2.31, 95% CI 1.01-5.28), cohabiting (OR 1.94, 95% CI 1.02-3.70), and being very happy (OR 1.92, 95% CI 1.01-3.63) in the 6 months prior to incarceration were more prevalent among those reporting high significant other support. Keeping in touch with a committed partner during incarceration was strongly associated with perceived significant other support (OR 4.63, 95% CI 1.21-17.72). Conversely, reporting non-monogamy of the respondent's committed partner (OR 0.32, 95% CI 0.12-0.84) and intimate partner violence inflicted by the committed partner toward the respondent (OR 0.50, 95% CI 0.27-0.92) were significantly associated with decreased odds of high significant other support.
Discussion
In this sample of African American men involved in the criminal justice system, low social support was strongly linked to reduced well-being and increased HIV-related sex risk behavior prior to incarceration. Participants with low levels of support were vulnerable to poverty, mental disorder symptoms, and binge drinking, as well as to multiple partnerships and sex trade prior to the incarceration. This study is among the first to directly compare the impact of different sources of social support on sexual risk behaviors. The findings suggest that support from a significant other-versus from family more broadly defined and/or from friends-may play an important role in protecting against sexual risk behavior. Specifically, low significant other support was associated with over twice the odds of multiple partnerships, after adjusting for age, poverty, and family and friend support. Our results suggest that pre-release interventions focused on maintaining and strengthening social ties to loved ones in the community, particularly ties to significant others, during incarceration may help reduce HIV sexual risk behaviors during community re-entry. Our findings expand those of previous studies to delineate the independent effects of different sources of support on sexual risk-taking [7, 12, 18, 19] and support extant studies highlighting the importance of [23, 24, 45, 46] . By directly comparing distinct sources of support, the current study has been able to underscore the salience of significant other support in reduced HIV risk. We also observed that certain characteristics of committed partnerships were associated with higher levels of perceived significant other support. Specifically, raising a child, marriage, cohabitation, and happiness with a committed partner were elevated among those with greater perceived support from their significant other, while partner's nonmonogamy and partner-inflicted violence were strongly linked to lower levels of support. The heterogeneity of inmates' relationships should be considered when developing programs to support and strengthen support networks during incarceration. For example, we currently are piloting a couple-level intervention for inmates and community partners that was developed in part based on DISRUPT findings in which we aim to strengthen skills in anger management and emotion regulation by training inmates and partners in mindfulness-based activities that can be used in stressful, emotionally taxing situations. Some couples-such as those affected by intimate partnership violence-may need to strengthen skills in emotion regulation more than others to improve distress intolerance and increase partnership stability, happiness, and support. We need to consider the range of challenges that different couples face to best support the broad range of inmates' partnerships, some of which are highly supportive at baseline, and others of which have strong potential to serve as an important source of support for both partners. Low family support also was linked to heightened sex risk. It was associated with nearly twice the odds of multiple partnerships when adjusting for age and poverty, though the association did not remain after adjustment for other sources of support. As reported in previous studies, our results illustrate that family support can be helpful to community reintegration and may offer protection against sexual risk, as well as anxiety and depression, known HIV risk factors [19-22, 32, 47] . There was a strong relationship between significant other support and family support; those with high significant other support had 5.05 times the odds (95% CI 2.68-9.52) of high family support. The association between family support and sex risk would therefore be attenuated when adjusting for significant other support given the relationship between significant other support and reduced sex risk. There is need to further clarify the influence of support from other family members (e.g., parents and sibling) versus from significant others on HIV risk-taking behavior.
Support from friends was not significantly associated with HIV sex risk outcomes. Current literature on peer influence has shown both positive and negative effects on sexual risk behavior in adolescent populations, and similarly conflicting findings also have been observed among adults [11, 34, 35] . For example, Seal et al. indicated among former male inmates that having extensive networks of relationships during re-entry, including friendships, was linked to higher levels of unprotected vaginal and anal intercourse [19] . We did not find evidence to suggest being well-connected to peer networks was associated with elevations in risk. Additional studies with larger samples may be powered to detect more modest effects of friendship support on reduced HIV risk.
Our results suggest that measurement of overall support, without differentiating between sources of support, may result in masked protective effects of support from certain sources. For example, even though low significant other support was associated with over three times the odds of multiple partnerships and sex trade in analyses adjusting for age and poverty, overall support was not significantly associated with these outcomes. The results underscore the need to include nuanced social support measures that differentiate between support sources.
In the past decades, numerous individual-level HIV prevention interventions have been implemented to address sex risk among incarcerated populations. Such interventions have incorporated individual risk reduction delivered through case management, peer education, and/or motivational interviewing models and many have seen success in prevention of HIV risk [48] [49] [50] [51] . However, the persistently high levels of infection among inmates suggest alternative intervention strategies would strengthen risk reduction efforts during community re-entry. Our findings indicate that involving intimate partners or family with individual prevention or risk reduction plans may aid in reducing HIV among incarcerated men. We found keeping in touch with an intimate partner during incarceration was associated with increased perceived significant other support. Thus, jail and prison-based programs should reduce barriers to maintaining healthy ties to reduce sexual risk behaviors. This study is limited by several potential measurement concerns. First, the study cross-sectional data structure has limited interpretability and has resulted in the potential for reversed causality. We hypothesize a relationship between low support and increased multiple partnership risk was observed because perceived low levels of support lead a participant to seek additional partners. However, it is possible in some cases that the participant may have been non-monogamous initially, which in turn may have resulted in his partner providing less support. Another measurement limitation was the potential for recall bias given respondents were asked to report on perceived social support and risk behaviors in the 6 months prior to incarceration. Moreover, given respondents had been incarcerated for different lengths of time, recall difficulties may have affected participants who were incarcerated for longer sentences. However, by design, we ensured the maximum sentence for enrollment was 3 years as a way to reduce recall bias. As a result, the median sentence length was approximately 4 months, the mean was 7 months, and approximately 85% of participants were incarcerated for less than 1 year. Furthermore, our analyses suggested that sentence length was not associated with significant other, family, or friend support; thus, we anticipated confounding by this factor to be minimal. Another limitation was that the scale used to assess family support did not ask respondents to specify levels of support received from nonsignificant other family members. Thus, participants may have considered significant others when answering questions concerning family support hence blurring the lines between Bfamily^versus Bsignificant other^support. That said, numerous prior studies have used the scale to assess sources of support. An additional limitation is that, because all variables were assessed at one point in time, we made assumptions about which variables were likely confounders and which variables should be considered as mediating factors and hence should be excluded from models. Specifically, we adjusted for age and a poverty indicator (e.g., ability to pay bills) in multivariate models but did not adjust for other mental health and substance use factors given that prior literature suggests they lie in the pathway between the social support and HIV risk [7, 12, 15, 18] . Additional studies in larger samples should formally evaluate the pathways through which social support may protect against sexual risk-taking. This study highlights the beneficial role of support from significant others in reducing sexual risk-taking behaviors among incarcerated men and emphasizes the importance of assessing multiple sources of social support, rather than overall support, to effectively tailor post-release efforts. Our findings suggest that interventions that integrate individual prevention efforts with goals to encourage, strengthen, and nurture social ties with significant others may help reduce sex risk behavior in this high-risk population during the vulnerable period after release from incarceration.
